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Abstract 1 
Porcine infectious anemia is a well known disease that occurs worldwide and is caused by the 2 
uncultivable hemotrophic bacterium Mycoplasma suis. In this study the occurrence of M. suis in wild 3 
boars was investigated by employing a quantitative real time LightCycler PCR. M. suis infections 4 
were detected in 36 out of 359 wild boars (10.03%). Sequencing of the 16S rRNA gene and 5 
subsequent phylogenetic analysis revealed the existence of two genetically distinct M. suis subtypes in 6 
the wild boar population: one subtype was >99.0% identical to known American and European M. suis 7 
isolates, and the second subtype showed the highest homology to known Chinese isolates. In 8 
summary, this is the first detection of M. suis in wild boars. The role of M. suis as pathogen in wild 9 
boars has yet to be established, but the present findings revealed a possible wildlife reservoir for these 10 
bacteria. 11 
12 
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1  Introduction 1 
Mycoplasma suis belongs to a group of highly specialized uncultivable hemotrophic bacteria 2 
which parasitize erythrocytes of several animal species (Messick, 2004; Hoelzle, 2008). M. suis causes 3 
infectious anemia in pigs being a globally widespread disease that causes major economic losses in 4 
swine production. The acute disease is accompanied by severe bacteremia and sometimes death of 5 
young piglets and pregnant sows (immediately pre-partum) as well as loss of fattening pigs under 6 
stress (Zachary and Basgall, 1985; Messick, 2004). In chronically infected pigs bacteremia is low and 7 
the clinical signs vary ranging from mild icteroanemia, general unthriftiness, poor growth rates or bad 8 
reproductive performance to increased susceptibility for other infectious diseases (Henry, 1979; 9 
Brownback, 1981; Zinn et al., 1983; Schweighardt et al., 1986). The role of M. suis as a pathogen in 10 
pigs has long been established: M. suis was first described in the United States in 1932 (Kinsley, 11 
1932). Furthermore, M. suis infections in pig husbandry have continuously been reported worldwide 12 
over the past 75 years (Dipeolu et al., 1982; Schuller et al., 1990; Hoelzle et al., 2003; Messick, 2004; 13 
Wu et al., 2006; Guimaraes et al., 2007; Hoelzle et al., 2007b; Ritzmann et al., 2009). Current studies 14 
determined prevalences of 13.9% in Germany (Ritzmann et al., 2009) and 18.2% in Brazil (Guimaraes 15 
et al., 2007).  16 
Wild boars are known reservoirs for porcine pathogens such as brucellae (Gibbs, 1997), 17 
classical swine fever (Ruiz-Fons et al., 2008), and trichinellae (van der Giessen et al., 2001) that may 18 
be transmitted to domestic animals by contact. However, for M. suis no data is available on the 19 
distribution of these bacteria in the wild boar population. This lack of data is mainly due to the general 20 
problems in diagnosing M. suis, i.e. the lack of cultivation systems. The introduction of PCR detection 21 
methods as of the 1990 (Gwaltney et al., 1993; Messick et al., 1999; Hoelzle et al., 2003) and the 22 
advancement of PCR methods, i.e. quantitative PCR assay (Hoelzle et al., 2007) have greatly 23 
improved the possibilities to diagnose M. suis infections.  24 
The present study was aimed at investigating the occurrence and prevalence of M. suis in wild 25 
boars. Furthermore, we focused on characterizing molecularly the identified M. suis isolates. 26 
 27 
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2. Material and methods 1 
2.1  Sample collection 2 
The study involved collecting a total of 359 EDTA-anti-coagulated blood samples from wild 3 
boars which were hunted down across a period of two months (December 2007 and January 2008). 4 
The animals originated from ten hunting grounds and one wild boar enclosure in Southwest Germany 5 
(Table 1). Among the animals 167 were adult females and 192 adult males.  6 
 7 
2.2 DNA extraction  8 
200 µl-volumes of whole anti-coagulated blood were mixed with 200 µl lysis buffer (10 mM 9 
Tris-HCl, pH 7.5, 5 mM MgCl2, 320 mM sucrose, 1% (v/v) Triton X-100) and centrifuged (8.000xg, 10 
22°C, 60s). The pellet was suspended in 400 µl lysis buffer and then centrifuged again. Whole DNA 11 
was extracted by means of the GenElute Bacterial Genomic DNA Kit (Sigma, Buchs, Switzerland).  12 
 13 
2.3 Quantitative M. suis-specific real time PCR 14 
M. suis DNA was detected and quantified with the LightCycler 2.0 System
 
(Roche Diagnostics, 15 
Rotkreuz, Switzerland), as described previously (Hoelzle et al., 2007).  16 
 17 
2.4 DNA sequencing, data analysis and phylogenetic tree construction 18 
PCR reactions were performed using the 16S rDNA universal oligonucleotides: 16S_27F 19 
CAGAGTTTGATGCTGCTGGCTCAG and 16S_1492R TACGGYTACGTTACGACT. PCR was 20 
performed by using the HotStarTaq Polymerase Master Mix (Qiagen, Hombrechtikon, Switzerland), 21 
0.5 µM of each primer, and an annealing temperature of 55°C. Amplicons were purified with the 22 
QIAquick PCR Extraction Kit (Qiagen) and sequenced (MWG Biotech, Martinsried, Germany). 23 
Nucleotide sequences were analyzed by using the FASTA aligorithm (Biocomputing service, 24 
University Zurich, www-bio.unizh.ch/). Revealed sequences were submitted to GenBank (Accession 25 
no. FN391018, FN391019; FN391020; FN436019; FN436018; FN436017; FN436016; FN436015; 26 
FN436014; FN436013; FN436012; FN436011; FN436010; FN436009) 27 
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Data (prevalence, M. suis blood loads, geographical origin, gender) were compiled and analyzed 1 
using Excel for Windows (Microsoft, Wallisellen, Switzerland), Analyze-it (standard edition Software 2 
ONE AG), and Origin (Redacom) software. 95% confidence intervals (CI) were calculated for PCR 3 
results.  4 
For the phylogenetic analysis Mycoplasma 16S rRNA gene sequences were obtained from 5 
GenBank. Phylogenetic analyses were carried out using the ARB software package (Ludwig et al., 6 
2004). Sequence alignment was performed using the ClustalW tool (ARB software package). A 7 
phylogenetic tree was constructed by using the Neighbor joining method in combination with the 8 
felsenstein correction model. A minimal-similarity filter was used, which retained only positions 9 
conserved in at least 25% of the sequences selected. The data set was re-sampled 1000 times by 10 
bootstrapping. 11 
 12 
3. Results 13 
3.1 Prevalence of M. suis in wild boars 14 
M. suis DNA was detected in 36 out of 359 wild boars (10.03%; 95% CI: 6.92% to 13.14%). Most of 15 
the PCR-positive animals originated from the one wild boar enclosure (n=31), the remaining five 16 
PCR-positive animals originated from four different hunting grounds. Quantification of the bacterial 17 
loads revealed a mean value of 8.60x10
4 
M. suis copies per ml blood (95% CI: 1.65x10
5 
to 2.63x10
5
; 18 
range: minimum load 2.86x10
2
; maximum load 1.11x10
6
; Table 2). No significant correlation between 19 
PCR results and the gender of the wild boars was found. 20 
 21 
3.2 Molecular characterization of M. suis from wild boars 22 
To further characterize the M. suis isolates obtained from the blood of wild boars at the molecular 23 
level 18 isolates were chosen randomly. Based on the 16S rDNA sequences the wild boar isolates 24 
could be differentiated into two groups: group A consisted of twelve isolates (Table 2). Group A 16S 25 
rDNA sequences were 100% identical to each other. Furthermore, group A sequences revealed ≥ 26 
99.00% identity with 16S rDNA of the M. suis strain Illinois (Acc. No. U88565) and with 16S rDNA 27 
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of isolates found in pigs in Germany (Acc. No FN391021, FN391022). Group B consisted of six 1 
isolates (Table 2). The group B sequences were also 100% identical to each other. However, group B 2 
16S rDNA sequences revealed only 96.92% identity to those of group A isolates. When comparing to 3 
GenBank entries group B 16S rDNA sequences showed 99.60% identity to one isolate found in China 4 
(M. suis Guangdong; Accession No. AY492086). Based on the 16S rDNA sequences a phylogenetic 5 
tree was constructed (Fig. 1). The calculated tree showed one single cluster for the porcine 6 
hemotrophic mycoplasma sequences. The 16S rDNA sequences obtained from the wild boars 7 
clustered with those of other porcine hemotrophic mycoplasmas. Within the cluster of porcine 8 
hemotrophic mycoplasmas two sub clusters could be distinguished: the group A wild boar isolates 9 
sub-cluster with the M. suis strains Illinois, the group B wild boar isolates sub-cluster with the Chinese 10 
M. suis isolate Guandong.  11 
 12 
4. Discussion 13 
M. suis infections are an economic problem for the pig industry throughout the world (Messick, 14 
2004; Hoelzle, 2008). To our knowledge this is the first study dealing with M. suis infections in wild 15 
boars. The animals used here originated from ten hunting grounds and from one wild boar enclosure. 16 
When analyzing the samples we found M. suis in 10.03% of the animals. However, this value does not 17 
reflect the real prevalence since hunting grounds and the wild boar enclosure (i.e. ground with fence) 18 
probably represent two completely distinct epidemiological situations: in the first, contacts between 19 
animals are determined by natural behavior. In the second, the fences and the higher population 20 
density lead to frequent and close contact between wild boars causing a higher infection rate. 21 
Furthermore, pot-bellied pigs were held in the area of the investigated wild boar enclosure which 22 
might also play an important epidemiological role. Within a pig population M. suis can be transmitted 23 
by direct contact, e.g. by contact between piglets and sows or during ranking fights. Our investigations 24 
showed no significant connection between evidence of M. suis and the gender of the M. suis-infected 25 
wild boars. A similar phenomenon could also be observed with other infectious agents, e.g. porcine 26 
circoviruses (Vicente et al., 2004). These distinct epidemiological situations are clearly reflected by 27 
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our data: the M. suis prevalence showed variations of between 0 and 17.82%. As expected, we found a 1 
distinctly higher occurrence in the wild boar enclosure (17.82%) in comparison to the hunting grounds 2 
(2.70% of all animals from hunting grounds were M. suis-positive). M. suis could not be detected in 3 
six of the ten hunting grounds  4 
The role of wild boars as hosts for other porcine infectious agents is well established. Wild 5 
boars, for instance, are hosts of European swine fever, Aujeszky’s disease or brucellosis (Heinritzi et 6 
al., 1999; Al Dahouk et al., 2005; Ruiz-Fons et al., 2008). Direct contact between domestic pigs in 7 
closed stables and wild boars is unlikely. Therefore, spreading of diseases via vectors is more 8 
probable. Under experimental conditions M. suis infections can be transmitted from pig to pig by hog 9 
lice (Haematopinus suis), mosquitoes (Aedes aegypti), and flies (Prullage et al., 1993). Furthermore, 10 
humans who have contact with both, domestic pigs and wild boars, are possible transmitters of 11 
infectious agents. 12 
The quantification of M. suis in the blood samples showed maximum values of approx. 10
6
 13 
M. suis per ml of blood. It is unknown whether such M. suis blood loads can lead to clinical symptoms 14 
in infected wild boars, e.g. anemia. However, it can be assumed that - similar as with domestic pigs - 15 
an M. suis infection in wild boars can lead to a higher susceptibility for other infectious diseases 16 
(Hoelzle 2008). A pathologic-anatomical and histological investigation of the animals was not 17 
possible. Therefore, no information on possibly associated disease patterns is available.  18 
Interestingly, comparative analysis of the 16S rDNA sequences revealed the existence of two 19 
different M. suis subtypes within the wild boar population. The sequences of the first subtype (group A 20 
isolates) were nearly identical to those M. suis 16S rDNA sequences found among domestic pigs in 21 
Germany and the U.S. Contrary to this, the second subtype (group B isolates) could so far be 22 
determined only among domestic pigs in China (Zhou et al., 2009). The result of the sequence analysis 23 
reflects the result of the phylogenetic analysis: group A of the wild boar isolates were very closely 24 
related to those isolates identified in domestic pigs in Germany. Group B of the wild boar isolates 25 
formed an independent sub-cluster within the M. suis group together with the Chinese isolate. 26 
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To our knowledge, this is the first report on the occurrence of M. suis in wild boars. Although 1 
the general prevalence and pathogenic potential of M. suis in wild boars cannot be assessed on the 2 
basis of the present data, wild boars can be considered carriers of M. suis as well as a reservoir for 3 
cases of transmission to domestic pigs. Nevertheless, additional studies will be necessary for a detailed 4 
evaluation of the interaction of M. suis between domestic pigs and wild boars. In particular, 5 
clarification on whether different subtypes can also be found among domestic pigs in Europe is 6 
necessary. Subsequent experimental infections of domestic pigs could provide insight into possible 7 
virulence differences of these subtypes. 8 
 9 
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Figure caption 1 
Fig. 1. Phylogenetic analysis of the 16S rRNA gene sequences showing the position of the wild boar 2 
isolates among hemotrophic mycoplasmas. The phylogenetic tree was constructed using the 3 
Neighbour-joining method. Species names and accession numbers in GenBank are given at each axis. 4 
The wild boar isolates are in bold. Grouping of the wild boar isolates was indicated with brackets. 5 
Bacillus subtilis and M. pneumoniae served as outgroups. Bootstrap values are given at the nodes of 6 
the tree (%). The scale bar indicates estimated evolutionary distance. 7 
Table 1 
Sample origin, prevalence, and LC PCR results 
Origin No. of samples No. of PCR positive 
samples 
Mean bacterial load 
(copy/ml blood) 
Hunting ground A 13 1 (7.69%) 9.74 x 10
3
 
Hunting ground B 15 1 (6.66%) 6.58 x 10
4
 
Hunting ground C 10 0 - 
Hunting ground D 14 0 - 
Hunting ground E 23 0 - 
Hunting ground F 19 1 (5.26%) 1.38 x 10
3
 
Hunting ground G 30 0 - 
Hunting ground H 3 0 - 
Hunting ground I 38 2 (5.26%) 3.32 x 10
4
 
Hunting ground J 20 0 - 
Wild boar enclosure 174 31 (17.82%) 9.50 x 10
4
 
 
Table
Table 2  1 
M. suis positive wild boars, origin, LC PCR results and 16S rDNA grouping  2 
Sample 
designation 
gender Sample origin M. suis load/ml 
blood 
16S rRNA gene 
group
c 
029 F
a 
wild boar enclosure 9.28 x 10
4
 n.d.
d 
031 F wild boar enclosure 3.21 x 10
4
 n.d 
037 F wild boar enclosure 2.87 x 10
4
 B 
039 F wild boar enclosure 2.87 x 10
4
 A 
041 F wild boar enclosure 9.77 x 10
3
 B 
047 F wild boar enclosure 4.74 x 10
2
 n.d 
051 M
b 
wild boar enclosure 6.06 x 10
5
 A 
065 M wild boar enclosure 2.76 x 10
4
 A 
073 F wild boar enclosure 3.97 x 10
2
 n.d 
074 F wild boar enclosure 1.24 x 10
5
 B 
083 M wild boar enclosure 1.75 x 10
5
 n.d 
093 F wild boar enclosure 1.26 x 10
5
 A 
128 F wild boar enclosure 1.38 x 10
3
 A 
146 M wild boar enclosure 3.31 x 10
2
 n.d 
159 M wild boar enclosure 9.93 x 10
3
 n.d 
169 M wild boar enclosure 3.27 x 10
4
 A 
170 M wild boar enclosure 9.71 x 10
3
 n.d 
176 M wild boar enclosure 1.03 x 10
4
 A 
178 F wild boar enclosure 1.22 x 10
5
 B 
180 M wild boar enclosure 2.09 x 10
5
 n.d 
182 M wild boar enclosure 2.88 x 10
3
 n.d 
183 F wild boar enclosure 8.51 x 10
3
 B 
215 F wild boar enclosure 1.11 x 10
6
 A 
216 F wild boar enclosure 5.24 x 10
4
 n.d 
218 F wild boar enclosure 1.75 x 10
4
 A 
219 F wild boar enclosure 4.61 x 10
4
 n.d 
221 M wild boar enclosure 6.41 x 10
4
 n.d 
222 M wild boar enclosure 8.14 x 10
3
 n.d 
223 M wild boar enclosure 2.22 x 10
3
 n.d 
226 M wild boar enclosure 4.25 x 10
4
 A 
227 M wild boar enclosure 2.96 x 10
4
 A 
228 M hunting ground 9.98 x 10
3
 B 
266 F hunting ground 6.58 x 10
4
 A 
313 M hunting ground 1.66 x 10
4
 n.d 
335 F hunting ground 4.98 x 10
4
 n.d 
350 F hunting ground 9.74 x 10
3
 n.d 
a
 female  3 
b
male 4 
c
grouping according to the 16S rDNA sequence analysis 5 
d
 not done 6 
Table

